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Abstract 
Currency exposure measurement is essential to exchange rate risk management with instruments in financial engineering. We 
investigate the currency exposure of electronics companies of China by using the Shanghai and Shenzhen A-Share market listed 
companies as a basis for our sample. Using distributed-lag model, we analyze the sensitivity of their stock returns to exchange
rates with different lag periods. We also consider the influences of the 2008 global crisis and the Sino-US exchange rate dispute. 
Empirical results indicate that the whole electronics industry is facing a significant lagged currency exposure, but the 
appreciation of RMB is not harmful to all of the companies, with a few of them benefited from it. 
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1. Introduction 
July 21, 2005, China began a managed floating exchange rate system based on market demand and supply, with 
reference to a basket of currencies. RMB had no longer been pegged to the US dollar. Hence the volatility of its 
exchange rates increases. But the overall trend has been appreciation. After the outbreak of the 2008 global financial 
crisis, the fluctuation margin of RMB middle rate against the US dollar was significantly narrowed. Exchange rate 
of RMB against US dollar entered a “stable” period again, and China was pressured to appreciate RMB exchange 
rate once again. On June 19, 2010, the People’s Bank of China announced to further the reform of RMB exchange 
rate formation mechanism to enhance the flexibility of RMB exchange rates. During this whole period of our 
investigation, there has been a Sino-US currency dispute. Classified under the “managed floating” exchange rate 
regime, China is supposed to intervene in the foreign exchange market so as to influence the exchange rate in 
favorable directions. 
Firms in China had been enjoying the so-called super stability of RMB for years before the 2005 exchange rate 
reform, and they seldom practiced effective exchange rate risk management. The 2005 and 2010 reforms created 
favorable environment for sustainable economic development of China as well as new challenges for the operations 
of corporations and commercial banks. Now exchange rate risk has become an important component of financial 
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risks. It is of strong theoretical and practical value to study how to measure the extent of currency exposure of firms 
and enhance their awareness against exchange rate risk. 
Since the reform of RMB exchange rate, many firms have gradually adapted to the fluctuation of the RMB 
exchange rate. Some of them have taken advantage of different kinds of derivatives to manage risk. However, there 
are still many firms suffered serious losses. The reasons may vary from weak awareness of exchange rate risk, and 
their improper using of hedging instruments. But there is another reason which is easily ignored, i.e. some firms 
don’t fully understand the impact of exchange rate fluctuation. They often only consider the current exchange rate 
changes when determine their currency exposure. But in reality, the fluctuation of exchange rate usually takes some 
time to affect business. If lag periods of exchange rate changes are not taken into account, bias of estimating 
currency exposure could occur, and the firms concerned would not be able to implement right measures. Therefore, 
we study currency exposure of electronics companies listed in Shanghai and Shenzhen A-share market, considering 
different lag periods of RMB exchange rates.  
We concentrate on this because since Alder and Dumas defined currency exposure as the firm value which may 
be subject to exchange rate risk on the basis of the relationship between a future cash flow of a firm and its firm 
value [1], much progress has been achieved in this research field, but our investigation goal of this paper might be 
one of the issues which have not been fully explored. Jorion amended the original Alder-Dumas model, added 
market yield rate to the model and formed the augmented market model [2, 3]. This is regarded as a classic model of 
measuring currency exposure. It considers the effect of market indicator on the stock return, which is one of the 
most important macroeconomic variables. Thus it measures more accurately the sensitivity of stock return to the 
volatility of exchange rate. This method is widely used in literature, such as [4-8]. Many recent empirical analyses 
also used this approach. They studied different firms in different countries or compared exchange rate risk exposures 
in different regions. For example, [9] studied exchange rate risk exposure of Chinese corporations by using this 
methodology, and [10] compared firm-level exchange rate risk exposure between Eurozone and non-Eurozone firms 
by using nominal effective trade-weighted exchange rates. 
The researchers had different views in using Jorion’s augmented market model about the definition of the 
exchange rate changes. Some used a single exchange rate, e.g., [11, 12], while some others employed trade-
weighted exchange rate index, e.g., [7, 13-15]. By comparison, [16] demonstrated that many firms are exposed to 
one or more bilateral exchange rates, whereas not exposed to the trade-weighted index. There are also papers which 
divided exchange rate into nominal exchange rate and real exchange rate. For example, [17] employed real exchange 
rates to capture the different exposures between currency appreciation and depreciation, because it suggested that it 
is important to adjust the nominal exchange rates to take into account inflation change so as to extract the correct 
pricing of foreign exchange exposure. However, the nominal exchange rate is more widely supported (see [10]). The 
situation of market index is similar.  
After the introduction of augmented market model, other factors have been added to establish the multi-factor 
model. On the basis of controlling other explanatory variables, measurement of influence of exchange rate risk on 
the firm stock prices become more accurate. [18] used Fama and French three factor model [19] and found more 
foreign exchange rate coefficients are statistically significant using the three factor model compared to the 
augmented market model. [20] also used Fama-French three factor model and adding a currency change (Broad 
Currency index, Mark/Euro, Japanese yen, and Canadian dollar currencies) variables, and estimated foreign 
exchange rate exposures with monthly, quarterly, and annual horizons for 1047 domestic, non-financial US firms. 
They documented that domestic company’s exchange exposure is not significantly different from the exposures 
faced by multinational firms and the number of domestic firms with significant foreign exchange rate exposure 
increased with the exposure estimation horizon. On the basis of controlling for other explanatory variables, 
measurement of influence of exchange rate risk on the company’s stock price become more accurate. However, the 
results of empirical literature differ. A common finding is that exchange rate fluctuations do not significantly impact 
on the variation of stock returns. For example, [21] found no stable relation between Chinese exchange rates and 
stock returns. This is quite contrary to common intuition of people. 
Some earlier literature argued that there is little link between the current exchange rate changes and stock price, 
while the lagged exchange rate changes are much more significantly relevant. In other words, exchange rate 
fluctuation will take some time to impact firm cash flow, and in turn to influence its stock price. This time period of 
influence process is called lag period. For example, [13] found that the full impact of exchange rate changes is not 
instantaneous reflected in the stock returns. There is no evidence that exchange rate changes have a significant 
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impact on the spot price of the company. When the lagged exchange rate change was introduced into the model, 
they found strong evidence to support the existence of currency exposure. [22] used monthly data and the real trade-
weighted exchange rates, and found that when the exchange rate lagged 1 month and 3 months, 32 US exporters 
faced significant currency exposure. [23] studied 39 British exporters and found that the exchange rate fluctuation 
needs to go through a few months to be reflected in the stock prices. These studies showed that the corporate value 
is not only influenced by the current change in exchange rate, but also by the lagged exchange rate changes. Among 
some others, [24] studied the UK financial industry, and showed that the UK non-financial enterprises were 
significantly exposed to the lagged exchange rate risk, more significant than the current currency exposure.  
But there is also contrary finding. Based on research methods of [13, 22], [25] found that the lagged exchange 
rate fluctuation had no significant effect on Japanese multinational companies. 
On the basis of the literature survey, we found lagged exchange rate fluctuation was reported to have no 
significant impact on Japanese multinational companies, but most of the literature showed the lagged exchange rate 
changes had influence on firms. However, these methods in the literature are often simply adding a fixed lag period 
length in the capital market model, and used OLS analysis or cash flow method. We think that each firm is different 
in specific circumstance so that its production and business process are differently affected by exchange rate 
fluctuation. The differences within the same industry may decrease, but will not disappear. Therefore the use of the 
fixed lagged period length to estimate the currency exposure of different enterprises is essentially similar with only 
considering the current exchange rate. We attempt to combine capital market model with distributed lag model, use 
daily and weekly data for analysis. The length of the lagged period of each company is determined after several 
calculations. We compare currency exposure of electronics industry listed in Shanghai and Shenzhen A-Share 
market to provide more valuable information for all firms alike. 
2. Methodology 
We use the classic Jorion model to estimate currency exposure [2]:
it m mt x tR R     
itR
                                                                                                                                 (1)
where  is yield of company i at time t,  is the market portfolio yield at time t,mtR tX is change of exchange rate 
at time t, x  measures the extent of effect of exchange rate change on corporate earnings.  
In order to estimate the lagged impact of exchange rate volatility, we add lagged variables to eq. (1), namely: 
1 1 2 2it m mt x t x t x t x s t sR R X X X X                  
s
                                                                       (2)
where s is the lag length interval, tX   is the sth lag period of the explanatory variable X, the other variables are 
identically defined as in eq. (1).  
The skewness of the return distribution is one of the important features of the security price (see [26] for 
example). To concentrate on the impact of lag periods, as in literature, we do not consider the relationship between 
the skewness and the coefficient of risk premium. 
The introduction of lagged variables may make the model produce multicollinearity. When there are a lot of lag 
variables, direct estimation will cost a lot degree of freedom. And the current fluctuation and lagged values of 
exchange rate change may lead high degree of collinearity. This may cause the parameter estimates meaningless. 
Here PDLs Model and Almon Polynomial Method will be used. We use the following criteria to analyze the sample 
data to determine the length of lag. Firstly select the maximum R2 to choose the lag length. Secondly select the 
minimum AIC value to select the lag length. Finally select the minimum value of SIC to select the lag length.  
We first use daily data to measure currency exposure, with lag length from 1 day to 5 days, mainly chosen by 
observing the maximum R2. We think that the lag length must be different because of different characteristics of 
firms and ability to cope with risks. Therefore there is necessity to consider different data frequencies and different 
length of lag periods. On the one hand, the production and trade takes a certain period. For example, in import and 
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export transactions, usually 30-90 days are required from signing a contract to delivery and payment. The period is 
longer, the risk of exchange rate change is greater. Exchange rate fluctuation will directly cause exchange losses for 
the firms. Using up to 5 days of lag length may be too short, so it is necessary to consider expanding the lag length 
to test if firms are also faced with significant exchange rate risk in a longer horizon. On the other hand, analysis with 
high-frequency data will be affected by Signal-to-Noise Ratio (SNR) which may make empirical results unreliable. 
For these two reasons, we analyze with weekly data after using daily data to prove the existence of significant 
currency exposure. This can expand the lag period and avoid the problem caused by the using high-frequency data. 
When using weekly data, we consider lag period up to one month. The lag length selection method is same as the 
case of daily data. 
We select sample data from the period from July 21, 2005 to April 19, 2011. The 2008 global financial crisis and 
the Sino-US currency dispute were striking characteristics of this period. Using June 30, 2008 and June 19, 2010 as 
the cut-off points, the total sample interval is divided into three sub-sample intervals. Because roughly starting from 
July 2008 RMB exchange rate fluctuation entered a “stable” period again. The middle rate of the US dollar against 
the RMB has been fluctuating in the interval from 6.81 to 6.86. It didn’t break up 6.87 RMB and not break down 
6.81 yuan. And after September 2009, exchange rate volatility is even smaller; the middle rate of RMB against the 
US dollar is from 6.826 to 6.828. It is even more “fixed” than in a fixed exchange rate regime. The People’s Bank of 
China announced to further the reform of RMB exchange rate formation mechanism on June 19, 2010. June 21 is 
the first trading day after the announcement, the middle rate of RMB against the US dollar was 6.8275, unchanged 
from the previous day. But on June 22, the situation changed and the RMB exchange rate and rose to 6.80 yuan per 
U.S. dollar. 
Therefore, we set 3 consecutive sample intervals. Interval A is from 21 July, 2005 to June 30, 2008. Interval B is 
from July 1, 2008 to June 18, 2010. And Interval C is from June 19, 2010 to April 19, 2011.The stock price and 
market yield rate are those considering the dividend reinvestment. In order to avoid dramatic fluctuation in the data, 
we deal with nature logarithms of exchange rates. All data are derived from CSMAR. All selected companies are 
electronics companies which listed in Shenzhen or Shanghai A-Share markets before 21 July, 2005, excluding those 
with incomplete data, a total of 33 electronics companies were selected.  
3. Empirical results 
Empirical results considered the lagged length up to 5 days are shown in Table 1. 
Table 1. Number of firms with currency exposure (daily data)        (10% confidence level) 
Number of samples with significant current 
currency exposure (percentage) 
Number of samples with significant lagged 
currency exposure (percentage) 
Interval A 10 (30.30%) 24 (72.73%) 
Interval B 5 (15.15%) 14 (42.42%) 
Interval C 6 (18.18%) 18 (54.55%) 
Entire interval 6 (18.18%) 20 (60.61%) 
It can be seen in the selected electronics industry, taking lagged exchange rate changes into account, the 
respective level of significant currency exposure increased in all intervals. Interval A increased by 42.43%, Interval 
B 27.27%, and Interval C, 36.37%. Whether exposed to current currency exposure, or lagged currency exposure, 
Interval A has the highest percentage (30.30% and 72.73%). This may be because before the reform in 2005, China 
adopted a fixed exchange rate system. Basically there was no exchange rate risk then. Therefore companies had 
lower risk awareness and less experience of preventing the exchange rate risk. When “suddenly” facing a floating 
exchange rate system, significant currency exposure occurred. Interval B has the lowest percentage, 15.15% and 
42.42%. This is because during this period of international financial turbulence, the RMB against the U.S. dollar 
exchange rate remained stable. Because of smaller exchange rate fluctuation, exchange rate risk faced by 
corporation also reduced accordingly. Interval C is the period after the restarting of exchange rate reform, companies 
were faced with higher currency exposure than in Interval B, lower than in Interval A. After the currency reform in 
2005, the companies accumulated certain experience of preventing the exchange rate risks; their ability against 
exchange rate risk must be increased. 
Table 2 gives the sign of currency exposure of daily data. As shown in Table 2, for most companies, the 
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appreciation of the RMB improved their rate of return. With the process of RMB appreciation and the increasing of 
exchange rate volatility, the negative effect on the companies increased from intervals A to B to C. From the view of 
entire sample interval, the sign of current currency exposure is positive, and the lagged currency exposure is 
negative in majority. Regardless of the sign of currency exposure is positive or negative, after taking the lagged 
variables into account, the number of firms exposed to significant exchange rate risk basically increases. 
Considering the lag period, currency exposure of many companies will change the sign, Therefore, we can conclude 
if lagged values are ignored, estimation of currency exposure of companies may not only be biased, but may also be 
completely wrong. 
Table 2. Sign of currency exposure (daily data) 
Interval A Interval B Interval C Entire interval 
N*(+) 4 1 6 5Number of samples with 
significant current currency 
exposure N*(-) 6 4 0 1
N*(+) 3 4 8 8Number of samples with 
significant lagged currency 
exposure N*(-) 21 10 10 12
Note: N * (+) indicates that the sign of currency exposure is positive, N * (-) indicates that the sign of currency exposure is negative. We use direct 
quotation of RMB against the US dollar. When N is positive, the company is suffered from losses, and when N is negative, its earnings increase. 
After several calculations, the best distribution of lag lengths of the firms in electronics industry is shown in 
Table 3. The average lag period in each interval is 3 to 4 days. 
Table 3. Distribution of the lagged length of firms (daily data) 
Number of 
samples lagged 
2days 
Number of 
samples lagged 3 
days 
Number of 
samples lagged 
4days 
Number of 
samples lagged 
5days 
The average lag 
length
Interval A 5 9 11 9 3.82 
Interval B 13 4 9 7 3.30 
Interval C 12 8 8 5 3.18 
Entire interval 10 4 9 10 3.58 
Using weekly data which expands the lag period, the lagged currency exposure still exists, and compared with 
the case of current currency exposure, it increases respectively in intervals B, C and the entire interval. Table 4 is the 
sample of currency exposure using weekly data. Table 4 shows, as compared with Table 1, except for Interval C 
whose number of sample is the same as using daily data, the other intervals have fewer the number of samples. 
Interval A has the most significant decrease (72.73% - 24.24% = 48.49%). When considering the lagged value of 
exchange rate change, the number of companies with significant currency exposure increases in all intervals except 
Interval A, which decreases slightly.  
Table 4. Number of firms with currency exposure (weekly data）        (10% confidence level) 
Number of samples with significant current 
currency exposure (percentage) 
Number of samples with significant lagged 
currency exposure (percentage)  
Interval A 9 (27.27%) 8 (24.24%) 
Interval B 2 (6.06%) 10 (30.30%) 
Interval C 5 (15.15%) 18 (54.55%) 
Entire interval 7 (21.21%) 13 (39.39%) 
Table 5, a counterpart of Table 2 using weekly data, shows that in intervals A and B, the number of samples with 
positive sign of currency exposure is fewer than with negative sign, and in the Interval C, the number of samples 
with positive sign of currency exposure is more than with negative sign, indicating that more and more firms are 
negatively impacted by RMB appreciation as time goes by, and those companies previous benefitted from the RMB 
appreciation may suffer losses. From the view of the entire interval, considering the lag period, the number of firms 
with positive currency exposure is also larger than the number of negative ones. The distribution of the average 
lagged length is 2 to 3 weeks (see Table 6, distribution of the average lagged length using weekly data). 
196  Xiao Wu and Longwen Zhou / Systems Engineering Procedia 2 (2011) 191 – 198 Wu  L  Zhou / Systems En i eering Procedia  00 2011) 0 0–0 0 
Table 5. The sign of currency exposure (weekly data) 
Interval A Interval B Interval C Entire interval 
N*(+) 1 1 4 3
Number of samples with 
significant current 
currency exposure 
N*(-) 8 1 1 4
N*(+) 3 3 10 9
Number of samples with 
significant lagged currency 
exposure 
N*(-) 5 7 8 4
Note: N * (+) indicates that the sign of currency exposure is positive, N * (-) indicates that the sign of currency exposure is negative. We use direct 
quotation of RMB against the US dollar. When N is positive, the company is suffered from losses, and when N is negative, its earnings increase. 
Table 6. Distribution of the lagged length of firm (weekly data) 
Number of samples 
(lagged 2days) 
Number of samples 
(lagged 3days) 
Number of samples 
(lagged 4days) 
Average lag length 
Interval A 18 7 8 2.70 
Interval B 13 6 14 3.03 
Interval C 12 16 5 2.79 
Entire interval 18 7 8 2.70 
In our investigation of 33 electronics companies, except that Guizhou Space Appliance Co., Ltd. did not disclose 
exchange gains and losses in its annual reports, among the remaining 32 companies, 22 of them had exchange losses 
increase from 2009 to 2010, indicating that with the volatility in the exchange rate, the firm’s exchange rate risk 
increases. And from a different perspective it verifies our empirical results – in Interval B companies with 
significant currency exposure is fewer than in Interval C. In 2009, the RMB against the U.S. dollar exchange rate 
remained stable, till in June 2010, restarting of the exchange rate system reform enhanced the flexibility of exchange 
rate fluctuation. That is why the majority of companies in 2009 have less significant currency exposure than in 2010. 
4. Conclusion 
We use the augmented market model, add lagged values of explanatory variables to it, and use Almon 
polynomial method to avoid multicollinearity between the lagged variables. We select the sample of the Shanghai 
and Shenzhen A-Share market listed companies in the electronics industry after July 21, 2005 exchange rate 
mechanism reform. We also consider the influences of the 2008 global crisis and the Sino-US exchange rate dispute. 
Empirical results show that either we use daily data or weekly data, the electronics industry is facing a significant 
lagged currency exposure. It shows without considering the case of lag, companies may underestimate or even 
ignore the possibility of exchange rate risk. Therefore companies should take into account the impact of lagged 
variables when assessing their own exchange rate risk. 
Because of data limitations, we do not take into account the influence that the hedging activities or strategic 
adjustment of firms on the selection of lag length of exchange rate changes. In the field of financial engineering, it is 
generally agreed that firms will benefit from hedging exchange rate risks with derivatives, even under conditions of 
financial crisis or currency intervention, manipulation or misalignment. The hedging effectiveness will be affected, 
though. Our findings only show that lagged values of exchange rate changes significantly affect firm’s exposure to 
exchange rate, but do not show the best actual lag length. Here the estimates of the lag length are only determined 
from the perspective of accuracy of the econometric model. At the same time, because Interval C (from June 2010 to 
April 19, 2011) is too short, we don’t do analysis with monthly data. 
Empirical results show that currency exposure has both positive and negative sign. Using direct quotation of 
RMB against the US dollar, when RMB appreciates, the sign of exchange rate change is negative. Therefore, if the 
sign of currency exposure is negative, the return of the company increases, and vice versa. We conclude that the 
RMB appreciation favors some of the electronics firms, while some others may suffer losses. It is sure for firms to 
avoid exchange rate risk when facing the negative impact of the RMB appreciation, but we still recommend those 
firms which are temporarily benefited from the RMB appreciation to concern exchange rate risks, because as the 
RMB appreciation and volatility increase, they may have to deal with possibilities of losses. 
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